About 80 samples of antarctic air were collected between 1982 and 1985 at the "Georg von Neumayer" station (70ø36'S and 8ø22'W) and analyzed for ethane, ethene, acetylene, propane, and propene. Yearly average mixing ratios were 0.37, 0.36, 0.011, 0.07, and 0.21 ppb, respectively. The seasonal cycles for ethane and acetylene showed minima around the late southern hemispheric summer and maxima in late winter. The phase of the seasonal cycle in ethane and acetylene can be explained by seasonal variation of atmospheric removal rates. Seasonal variation of one of the major southern hemispheric ethane and acetylene sources, biomass burning, would cause a similar seasonal change. Propane exhibits a much higher variability and shows no clear seasonal cycle. The atmospheric mixing ratios of ethene and propene peak around early austral fall and are most probably mainly determined by seasonal variation in emissions from the oceans surrounding Antarctica.
INTRODUCTION
In past years it has been recognized that light nonmethane hydrocarbons (NMHC) may be important to the chemistry of the unpolluted troposphere. Due to their high rate constants for the reaction with OH radicals, these compounds are significant in atmospheric photochemical reaction cycles in spite of their rather low abundance in the atmosphere [e.g., Rudolph [Blake and Rowland, 1986] . NMHC are emitted from a number of different types of sources, and their average atmospheric lifetimes range from several months to less than 1 day [cf. Ehhalt and Rudolph, 1984] . Consequently, all measurements of NMHC will be strongly influenced by local and regional sources, and thus any interpretation of systematic or seemingly unsystematic variations must consider the possible impact of this. Unfortunately, neither the NMHC emission rates nor the various factors which affect them are yet really known. To minimize these problems, we decided to make a series of NMHC measurements over Antarctica, a remote area where only a small number of research stations provide minimal human influence. The only known significant hydrocarbon sources in or near Antarctica are emissions from the surrounding [1981] . Laboratory tests confirmed that air samples can be stored in these containers for more than 1 year without detectable change in their mixing ratios of C2 and C 3 hydrocarbons. Some of the sample canisters were returned to the laboratory empty. These were filled with purified synthetic air and then analyzed for light NMHC. No significant levels of light NMHC could be detected in these test samples. Furthermore, several of the Antarctic samples were analyzed a second time about 6 months after the first analyses. Although the precision of this second analysis was, as a result of the smaller available sample volume, not as good as the first measurement, both measurements agreed with each other to better than •-25%. No systematic increase or decrease could be seen.
The samples were collected about once every 2 weeks outside and upwind from a clear air laboratory about 1.5 km south of the station. The short sampling times necessary for collecting grab samples allowed us to select meteorological conditions (wind speed and direction) which essentially eliminate the possibility of any contamination by hydrocarbon emissions from the station itself. The clean air laboratory is equipped with a condensation particle counter, which was used to verify that the air samples were collected under clean air conditions, free of pollution influences. Details of the clean air laboratory and its location are described by . Their results show that under such conditions, even for measurements which require very long sampling periods (e.g., filter sampling for trace elements), in general, uncontaminated samples are obtained. The air samples were shipped back to the laboratory once each year for analysis. The measurements were made by gas chromatography in combination with a cryogenic preconcentration step [Rudolph and debsen, 1983] . The lower limits of detection for C2 and C 3 hydrocarbons were around 10 ppt by volume. This allowed measurements of ethane, ethene, propane, and propene with sufficient accuracy and reliability. However, the mixing ratios of acetylene were often below the lower limit of detection and very seldom more than twice the detection limit. The samples collected after 1983 were analyzed by an improved gas chromatographic technique (for a detailed description, see Rudolph et al. [1986] ). This improved the lower limit of detection for acetylene in the air samples to less than 5 ppt. The reproducibility of the measurements was better than 10% for mixing ratios well The atmospheric residence times for C2 and C3 hydrocarbons can be estimated from published reaction rate constants, measured O3 concentrations, and OH radical concentrations from model calculations. Table  1 Ethane is one of the longest lived NMHC. With an average global atmospheric residence time of 2 months and much longer lifetimes at high latitudes (cf. Table 1), we can expect that exchange between Antarctica and lower latitudes determines the ethane mixing ratios we observed over Antarctica. In Table 2 Under the assumption that the ethane emission rates are approximately constant, seasonal variation of the atmospheric lifetimes would cause a seasonal cycle with maxima in austral winter and minima in summer. However, biomass burning (agricultural waste burning, bush fires, and deforestation) in the southern hemisphere occurs mainly during July-October. Thus that source and its seasonal variation would also contribute to a seasonal cycle of atmospheric ethane, with the highest mixing ratios in late austral winter. The southern hemispheric seasonal variability of oceanic emissions and microbial production of ethane is essentially unknown. Due to the relatively low energy consumption and level of industrialization in the southern hemisphere, we can rule out engine exhaust, natural gas losses, or industrial emissions as dominant sources for ethane in the southern hemisphere. Thus both factors, the seasonal dependence of emissions and the seasonal variability of atmospheric removal rates, can explain the observed ethane cycle with maxima in winter and minima in summer. Propane has similar sources but an atmospheric lifetime of a factor of 5 shorter than ethane. Thus the much larger variability in the propane mixing ratios is not surprising (Figure 2b ). Pub- , 1970] . This indicates that the exchange between lower latitudes and Antarctica is enhanced during this time. Since the seasonal cycle of acetylene over Antarctica shows a minimum during austral summer, other factors must be responsible for the observed seasonality. More effective removal of acetylene during transport from lower latitudes due to the higher OH radical concentrations in summer can explain the observed minima during austral summer. Also, one of the main acetylene sources, biomass burning, has its maximum during southern hemispheric winter and can thus be responsible for the observed seasonal variability of acetylene. Ethane has a yearly average atmospheric mixing ratio of 0.37 ppb over Antarctica, comparable in magnitude with ethene and propene. The ethane mixing ratios observed over Antarctica seem to be reasonably representative for the southern hemisphere. On the average, atmospheric ethane measurements over Antarctica agree within a nonsystematic variability of 30% with data from lower latitudes in the southern hemisphere. The observed seasonal cycle for ethane can be explained by seasonal variation of the atmospheric removal rate, but also the seasonal dependence of one of the major southern hemispheric ethane sources, biomass burning, agrees in phase with the observed seasonal cycle of ethane.
Acetylene has a similar seasonal cycle; however, the yearly average acetylene mixing ratio of 0.011 ppb is much smaller. Due to its shorter atmospheric lifetime, the Antarctic acetylene mixing ratios are, on the average, significantly be!ow values from lower latitudes. This indicates that the dominant southern hemispheric acetylene sources are 10-c:•'ed at low latitudes. Probably the most important southern he,nispheric acetylene source is biomass burning.
Although the presented measurements of C2 and C3 hydrocarbons over Antarctica already give some insight into their seasonal variability, the overall picture is far from being complete. Due to the limited number of measurement points, the calculated monthly mean values still have substantial uncertainties. We are continuing our NMHC measurements at the Georg von Neumayer station to reduce the uncertainties in our knowledge of their seasonal cycles at high southern latitudes. Also measurements in other regions of Antarctica would be valuable in order to improve our understanding of the atmospheric chemistry, sources, and sinks of light NMHC at high southern latitudes. The remoteness of Antarctica offers a nearly unique possibility to study the seasonal changes of light NMHC with a minimum of local impact. Consequently, measurements of light NMHC together with tracers for the extent of continental influence (e.g., 222Rn, mineral dust, soot particles) should considerably improve our understanding of the southern hemispheric cycles of light NMHC.
